The aim of this study was to investigate the effect of repeated passive heat exposure (i.e., acclimation) on muscle contractility in humans. Fourteen nonheat-acclimated males completed two trials including electrically evoked twitches and voluntary contractions in thermoneutral conditions [Cool: 24°C, 40% relative humidity (RH)] and hot ambient conditions in the hyperthermic state (Hot: 44 -50°C, 50% RH) on consecutive days in a counterbalanced order. Rectal temperature was 36.5°C in Cool and was maintained at~39°C throughout Hot. Both trials were repeated after 11 days of passive heat acclimation (1 h per day, 48 -50°C, 50% RH). Heat acclimation decreased core temperature in Cool (Ϫ0.2°C, P Ͻ 0.05), increased the time required to reach 39°C in Hot (ϩ9 min, P Ͻ 0.05) and increased sweat rate in Hot (ϩ0.7 liter/h, P Ͻ 0.05). Moreover, passive heat acclimation improved skeletal muscle contractility as evidenced by an increase in evoked peak twitch amplitude both in Cool (20.5 Ϯ 3.6 vs. 22.0 Ϯ 4.0 N·m) and Hot (20.5 Ϯ 4.7 vs. 22.0 Ϯ 4.0 N·m) (ϩ9%, P Ͻ 0.05). Maximal voluntary torque production was also increased both in Cool (145 Ϯ 42 vs. 161 Ϯ 36 N·m) and Hot (125 Ϯ 36 vs. 145 Ϯ 30 N·m) (ϩ17%, P Ͻ 0.05), despite voluntary activation remaining unchanged. Furthermore, the slope of the relative torque/electromyographic linear relationship was improved postacclimation (P Ͻ 0.05). These adjustments demonstrate that passive heat acclimation improves skeletal muscle contractile function during electrically evoked and voluntary muscle contractions of different intensities both in Cool and Hot. These results suggest that repeated heat exposure may have important implications to passively maintain or even improve muscle function in a variety of performance and clinical settings. heat therapy; temperature; hyperthermia; exercise; performance AN ACUTE RISE in muscle temperature within the physiological range (i.e., 34 -42°C) increases muscle contractility (5), force (7), and power (2, 3) in a dose-response manner at a rate of 2-5% per 1°C increase (42). Consequently, because of the effect of the environment on muscle temperature, muscle force and power are commonly lower in a cold environment (16, 31) and increased in a warm environment (1, 11). Notwithstanding, there is a ceiling above which increasing environmental temperature does not improve muscle force and power production (39), and environmental conditions inducing an increase in core body temperature lead to an acute decrease in volitional muscle force output (27, 40, 48) . However, the chronic adaptations to repeated heat exposures in human skeletal muscle remain unknown.
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When exposed to heat for a few days, humans show relatively important and rapid autonomic adaptations enhancing thermoregulation and increasing work capacity in hot environments (34) . Classically described adaptations include a decrease in resting core temperature (23) , along with reduced core and skin temperatures (9) and an increased sweat rate (8) during heat exposure. Heat acclimation also causes an expansion of plasma volume (12, 32) . Collectively, these adaptations improve heat transfer to the environment, effectively "sparing" blood for the rest of the circulation (9) and relieving circulatory strain (24) . Yet, despite a relatively clear understanding of the cardiovascular adaptations related to heat acclimation (36) , the impact of heat acclimation upon skeletal muscle function remains unclear.
To our knowledge, the only study conducted in humans reported that 10 wk of 8 h/day localized passive heating increased muscle cross-sectional area and maximal voluntary contraction (MVC) strength (14) . In rats, a single exposure to 41°C heat for 1 h increased cell proliferation and muscle protein content (49) . In vitro studies also suggest that 1 h (50) to 4 days (15) of heat stress facilitates hypertrophy in cultured cells. Collectively, these studies suggest that repeated heat exposure (i.e., heat acclimation) might improve muscle contractile function. Understanding the effect of repeated heat exposure on human muscle function might have numerous sport and clinical applications. For example, it was recently reported that repeated passive heat exposure may induce mitochondrial adaptations (47) , promote muscle capillary growth (22) , and improve cardiovascular health (4), potentially benefiting patients with limited exercise capabilities. By following the same model, repeated passive heat exposure could be a valuable tool to improve skeletal muscle function in humans.
Therefore, the aim of this study was to investigate the effect of passive heat acclimation (11 days, 1 h per day) on muscle contractility in humans. Based on available in vitro and animal studies, it was hypothesized that heat acclimation would improve human skeletal muscle force and contractility in both hot and temperate conditions.
MATERIALS AND METHODS

Ethical Approval
The project was approved by the scientific committee of the hospital (CMO/000033/fj) and by an external (Anti-Doping Labora-tory Qatar) ethics committee (F2013000004). The procedures complied with the Declaration of Helsinki regarding human experimentation. Written informed consent was obtained from all participants before the beginning of testing.
Participants
Fourteen male participants (age: 33 Ϯ 8 yr, body mass: 74 Ϯ 7 kg and height: 177 Ϯ 7 cm) volunteered for the study. The study was conducted at the end of the winter (average temperature range 14 -27°C) to avoid seasonal heat acclimatization. Participants were healthy and recreationally active in endurance or team sports but not involved in resistance training. They maintained their usual level of activity during the study. Participants completed a Medical History Questionnaire and Physical Activity Readiness Questionnaire (PAR-Q) before being admitted to the study. None of the subjects suffered from neural or muscular pathologies at the time of the experiment. None reported a history of heat-related illness.
Experimental Design
General procedures. After a familiarization session was completed, participants completed testing trials in temperate conditions [24°C and 40% relative humidity (RH)] in a normothermic state (Cool) and in hot conditions (44 -50°C and 50% RH) in a hyperthermic state (Hot), at the same time of day on consecutive days in a counter-balanced order. After these testing trials, participants were passively heat acclimated for 11 days, 1 h per day. Participants then repeated the two initial testing trials (i.e., Cool and Hot) in the same order and at the same time of day postacclimation. All trials were performed in an environmental chamber (Tescor, Warminster, PA).
Familiarization session. Participants were seated with ankle and knee angles of 90°and 100°, respectively, and the right foot was securely strapped to a dynamometric pedal (Captels, St. Mathieu de Treviers, France). The tibial nerve was electrically stimulated (voltage 400 V, rectangular pulse of 0.2 ms) via a high-voltage stimulator (Digitimer DS7AH, Digitimer, Hertfordshire, UK) through a cathode placed in the popliteal cavity and an anode placed distally to the patella. The intensity was adjusted for each participant by progressively increasing amperage (10-mA increment) until a plateau in twitch mechanical response (i.e., peak twitch, PT). Participants were then familiarized with performing MVCs of the plantar flexors until they were able to produce 3 MVCs with less than 3% variation. Finally, participants were trained to produce voluntary contractions at specific intensities (i.e., 10, 25, 50, and 75% of MVC) by following a line representing torque production on a computer screen placed in front of them. The same equipment, positions, and procedures were used for all testing trials. The dynamometric pedal was calibrated before each test session in the conditions of the experiment.
Temperate normothermic trial (Cool). After instrumentation (i.e., rectal probe and skin temperature sensors, see below), participants rested for 30 min in an upright seated position in the environmental chamber. Thereafter, the minimum electrical intensity required to elicit PT was determined and multiplied by 1.5 to define the stimulation intensity used during the subsequent test. Participants then underwent six electrical stimulations of the tibial nerve at rest followed by six electrical stimulations during a submaximal contraction performed at a constant intensity (determined during the familiarization session to correspond at 10% of MVC) to ensure a constant level of background muscle activity (40) . Thereafter, participants performed a 5-s MVC followed by submaximal contractions at 50, 25, and 75% of the previous MVC to estimate the torque/electromyographic (EMG) relationship (38) . A superimposed and potentiated twitch were evoked during the plateau of the MVC and 4 s after the MVC, respectively, using doublet stimulation at 100 Hz. The MVC and submaximal contractions were always performed in the same order and the complete set was repeated three times.
Hot hyperthermic trial (Hot).
During the resting period, the environmental temperature and relative humidity were initially set at 50°C and 50% RH, respectively. Once participants reached a rectal temperature of 39°C, the environmental temperature was adjusted between 44°C and 50°C to ensure that rectal temperature was clamped at~39°C for the testing procedure. The testing procedure was the same as Cool and lasted for~1 h in all conditions.
Heat acclimation. Participants remained in the environmental chamber for 1 h. Environmental conditions were set at 50°C and 50% RH for the first 10 min and adjusted to 48°C and 50% RH for the remaining 50 min. Participants were seated on a chair, talking, or playing cards for the first 20 -30 min, and resting quietly thereafter. They were allowed to drink at libitum (temperate water) and body mass changes remained within 2% in 95% of the sessions. All participants completed all sessions of passive heat acclimation except one participant who exited the room 4 to 10 min before the end on days 1, 3, and 5 becausse of discomfort. The participant completed the 60-min exposure on the other 8 sessions and was included in the study.
Measurement
Physiological monitoring. Core temperature was monitored using a rectal probe inserted 15 cm beyond the anal sphincter (Ellab, Hilleroed, Denmark). Mean skin temperature was calculated as 0.3 ϫ chest temperature ϩ 0.3 ϫ arm temperature ϩ 0.2 ϫ thigh temperature ϩ 0.2 ϫ lower leg temperature (44) . Local skin temperatures and heart rate were measured telemetrically (Equivital, Cambridge, UK). Sweat rate was calculated from changes in nude body mass and the amount water consumed over the trial duration.
Electrically evoked twitch. The mechanical response to the electrically evoked stimulations were recorded from the dynamometric pedal using MP35 hardware (Biopac Systems, Santa Barbara, CA) and dedicated software (BSL Pro Version 3.6.7, Biopac Systems). The signal was amplified (gain ϭ 200) and recorded at a sampling frequency of 10 kHz. The six twitches evoked at rest and during the contraction at 10% MVC were respectively averaged and analyzed for amplitude (PT), contraction time (CT), and half-relaxation time (HRT). In addition, the rate of torque development (RTD) was calculated as PT/CT (10) .
Isometric contractions. Muscle torque was recorded as described above for evoked twitches. In addition, EMG activity of the soleus was recorded using bipolar surface Ag/AgCl electrodes (Ambu Blue sensor T, Ambu) with a recording diameter of 9 mm and an interelectrode distance of 3 cm. The EMG signal was recorded using MP35 hardware and software (see Electrically evoked twitch for details), amplified (gain ϭ 1,000), filtered , and recorded at a sampling frequency of 10 kHz. Before electrode placement, the skin was shaved and scrubbed to remove surface layers of dead skin, hair, and oil, and a reference electrode was placed over the patella. The EMG activity was computed as the root mean square (RMS) of the signal.
Voluntary activation. The ratio of the amplitude of the superimposed twitch over the amplitude of the potentiated twitch (both doublets) was used to assess the level of voluntary activation (VA) during MVC as follow: VA (%) ϭ (1-superimposed twitch/potentiated twitch) ϫ 100.
Torque/EMG relationship. The slope of the relative torque/EMG relationship was calculated for each participant from the torque and EMG activity at 25, 50, 75, and 100% of MVC normalized as a percentage of the values recorded during the preacclimation Cool trial for each participant.
Statistical Analyses
Data were coded in SPSS 21.0 (SPSS, Chicago, IL). The effects of hyperthermia (Cool vs. Hot) and time (preacclimation vs. postacclimation) were analyzed for each variable by two-way analysis of R102 HEAT ACCLIMATION IMPROVES MUSCLE CONTRACTILITY variance (ANOVA) for repeated measures (2 conditions ϫ 2 times). ANOVA assumptions were verified preceding all statistical analyzes; Greenhouse-Geisser corrections were applied where appropriate. In case of significant interaction (condition ϫ time), LSD (Least Squared Difference) was used to compare the effect of condition at each time interval and the effect of time in each condition. Effect-sizes are described in terms of partial -squared ( 2 , with 2 Ն 0.06 representing a moderate effect and 2 Ն 0.14 a large effect). Data are reported as mean (SD) and the level of statistical significance was set at P Ͻ 0.05.
RESULTS
Thermoregulatory Responses
Environmental testing conditions (Table 1) were hotter (P Ͻ 0.001, 2 ϭ 0.998) and more humid (P Ͻ 0.001, 2 ϭ 0.967) in Hot than Cool but were similar pre-and postacclimation (temperature: P ϭ 0.836, 2 ϭ 0.003; RH: P ϭ 0.903, 2 ϭ 0.001; Table 1 ). The time required to reach the target testing core temperature of 39°C in Hot was longer post-than preacclimation (68 Ϯ 13 vs. 59 Ϯ 15 min, P ϭ 0.005, 2 ϭ 0.469). Mean skin temperature during the tests was higher in Hot than Cool (P Ͻ 0.001, 2 ϭ 0.994) without a significant effect of acclimation (P ϭ 0.215, 2 ϭ 0.116) ( Table 1) . Mean rectal temperature during the tests was higher in Hot than Cool (P Ͻ 0.001, 2 ϭ 0.976). Although an interaction effect was not observed (P ϭ 0.604, 2 ϭ 0.021), mean rectal temperature during the tests significantly decreased from pre-to postacclimation in Cool (P ϭ 0.026) but not Hot (P ϭ 0.152) as core temperature was maintained~39°C (Table  1) . Sweat rate was higher in Hot than Cool (P Ͻ 0.001, 2 ϭ 0.883) and increased with acclimation (P ϭ 0.001, 2 ϭ 0.583). There was also an interaction effect (P Ͻ 0.001, 2 ϭ 0.707) due to an increased sweat rate in Hot (P Ͻ 0.001) but not Cool (P ϭ 0.730). Mean heart rate during the tests was higher in Hot than Cool (P Ͻ 0.001, 2 ϭ 0.920), also demonstrating an interaction effect (P ϭ 0.031, 2 ϭ 0.310) due to a decrease from pre-to postacclimation in Hot (P ϭ 0.013) but not Cool (P ϭ 0.419).
Electrically Evoked Twitch
Resting PT amplitude (Fig. 1, Table 2 ) was similar in Hot and Cool (P ϭ 0.978, 2 Ͻ 0.001) and significantly increased from pre-to postacclimation (P ϭ 0.049, 2 ϭ 0.266), without an interaction effect (P ϭ 0.978, 2 Ͻ 0.001). The PT amplitude measured with a constant and controlled background muscle contraction at 10% MVC (Table 2 ) was higher in Hot than Cool (P ϭ 0.019, 2 ϭ 0.356) and significantly increased Values are means (SD). *Significant differences between Hot and Cool (P Ͻ 0.05). †Significant differences between Post and Pre (post hoc analyses, P Ͻ 0.05). 
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HEAT ACCLIMATION IMPROVES MUSCLE CONTRACTILITY from pre-to postacclimation (P ϭ 0.032, 2 ϭ 0.308), without an interaction effect (P ϭ 0.823, 2 Ͻ 0.004). Both CT and HRT measured at rest and with a constant and controlled background muscle contraction at 10% MVC were shorter in Hot than Cool (P Ͻ 0.001, 2 Ն 0.644), without an interaction effect (P Ն 0.491, 2 Յ 0.037). There were no changes in CT and HRT from pre-to postacclimation (P Ն 0.257, 2 Յ 0.098), except for an increase in HRT with a 10% MVC background contraction (P ϭ 0.005, 2 ϭ 0.460). The RTD was faster in Hot than Cool (P Ͻ 0.001, 2 Ն 0.864) without demonstrating an interaction effect (P Ն 0.466, 2 Յ 0.042) but show a tendency to increase from pre-to postacclimation (0.058 Յ P Յ 0.067, 0.004 Յ 2 Յ 0.249).
Maximal Torque
MVC torque production was significantly lower in Hot than Cool (P Ͻ 0.001, 2 ϭ 0.700), along with a significantly lower EMG activity of the soleus (P Ͻ 0.001, 2 ϭ 0.764) and VA (P ϭ 0.008, 2 ϭ 0.432) ( Table 3 ). Passive heat acclimation significantly increased MVC torque from pre-to postacclimation (P ϭ 0.004, 2 ϭ 0.484) without modifying EMG activity of the soleus (P ϭ 0.495, 2 ϭ 0.037) and VA (P Ͻ 0.491, 2 ϭ 0.037). There were no interaction effects between acclimation and environmental testing conditions on torque production, EMG activity, and VA (P Ն 0.588, 2 Յ 0.023).
Relative Torque/EMG Relationship
The slope of the relative torque/EMG relationship ( 
DISCUSSION
The aim of this study was to determine the effect of passive heat acclimation upon muscle contractile function in humans. Along with classically reported adaptations to heat acclimation (e.g., decreased core temperature at rest and increased sweat rate in the heat), our data demonstrate that passive heat acclimation improves skeletal muscle contractile function during both normothermic and in the hyperthermic humans. These improvements were verified in measures obtained at rest and during contractions at different intensities (10, 25, 50, 75% MVC), as well as in different neuromuscular parameters: an increase in electrically evoked peak twitch amplitude (Fig. 1) , an increase in maximal torque production at a similar level of voluntary activation (Table 3) , and an improvement of the relative torque/EMG linear relationship (Fig. 2) . This infers that passive heat acclimation improves skeletal muscle contractile function in humans, irrespective of thermal state.
Influence of Acute and Repeated Heat Exposure on Contractile Properties
The PT amplitude was not different in Cool and Hot. However, CT and HRT were lower in Hot than Cool, and RTD was faster in Hot than Cool. This result confirms classic in vitro animal (45) and in vivo human (7) studies reporting decreases in CT and HRT when muscle temperature increases. The PT amplitude represents the number of interactions between actin and myosin, whereas CT and HRT are linked to the rate of Ca 2ϩ release and reuptake (10) . These results therefore suggest that an acute increase in temperature increased the rate of cross-bridges formation and opening, rather than the total number of cross-bridges being formed in response to a given action potential.
As displayed in Fig. 1 , repeated heat exposure significantly increased PT from pre-to postacclimation. However, this increase occurred without significant changes in CT and HRT, expect for one of the HRT values increasing (potentially driven by the higher PT amplitude). The different pattern of changes in PT compared with CT and HRT (Table 2) confirm that the acute changes in CT and HRT in Hot do not affect PT amplitude in humans (7, 35) . Moreover, this study extends these observations by demonstrating that the decrease in CT and HRT induced by acute heat exposure was not modified after 11 days of passive heat acclimation in humans. The increase in PT without changes in CT suggests an increase in RTD from pre-to postacclimation; however the increase in RTD did not reach significance in the current study (Table 2) . Taken together, these results suggest that the increase in PT observed during both Cool and Hot after heat acclimation is mainly explained by a change in the number cross-bridge formation or the force per cross-bridge, with potential alterations in the kinetics of formation of the cross-bridges remaining to be confirmed.
Some in vitro studies have previously reported an acute increase in maximum tetanic force with increasing muscle temperature, although this relationship might not exist in all muscle groups or when temperature continues to rise toward physiologically relevant temperatures (5, 45, 46) . Indeed, the increase in maximum tetanic force in vitro is likely related to improvements in contractile protein binding when temperature increases from relatively low temperatures (46) , but this improvement does not seem to persist when temperature fluctuates in the standard range experienced in vivo (37) . In the current study, we did not observe any acute differences in PT between Hot and Cool, suggesting that acute heat exposure has only a minimal effect on muscle contractility in human. Whereas a limitation in the current study is the absence of muscle temperature measurements, previous studies from our group using similar whole body passive heating procedures suggest that muscle temperatures were likely~35°C (Cool) and 38°C-39°C (Hot) (35, 41) . Taken together, the absence of acute effect of heat exposure on PT, the increase in PT from pre-to postacclimation at the same core temperatures, and the fact that this increase was present in both Hot and Cool conditions, suggest that the pre-to postacclimation improvement in muscle contractility was not due to an acute effect of temperature.
Passive Heat Acclimation Improves Muscle Function and Torque
Our results show that despite a lack of influence of acute heat exposure on PT, both MVC and VA were significantly lower in hyperthermic state than normothermic state (Table 3) . This confirms previous reports that hyperthermia can decrease force or torque production during an MVC in relation to alterations in the central and peripheral nervous systems (33, 40) . Moreover, the current data suggest that these alterations (i.e., lower MVC and VA in Hot) persist postacclimation.
Notwithstanding, an increase in MVC torque was observed in both normothermic and hyperthermic state following passive heat acclimation relative to preacclimation, which was not accompanied by changes in EMG activity. This suggests an improvement in peripheral muscle function. It has to be acknowledged that EMG activity should be interpreted with caution when comparing different environmental conditions as skin temperature might directly or indirectly affect EMG amplitude (43) . However, in the current study, EMG was compared from pre-to postacclimation in similar environments and at similar skin temperatures ( Table 1 ). The absence of variation in EMG activity from pre-to postacclimation was further confirmed by the absence of variation in VA. It therefore seems that the increase in MVC torque production flowing passive heat acclimation is related to adaptations in peripheral muscle function, with contractile property improvements observed during both Cool and Hot.
The improvements in electrically evoked PT amplitude and MVC torque production for a given VA and neural drive (i.e., EMG) were accompanied by an upward shift in the relative torque/EMG relationship (Fig. 2) following passive heat acclimation. Since the seminal work of Moritani and deVries (26) on EMG, a shift in the torque/EMG relationship has been used to differentiate the peripheral and neural responses to various interventions. Using this classic approach, we demonstrated passive heat exposure induced peripheral adaptations of a similar type than those previously reported after several weeks of resistance training (6, 17, 26) . However, future studies are warranted to determine the magnitude of these passive adaptations compared with training, as well as the effect of combining resistance training and heat exposure.
Potential Pathways for Improved Skeletal Muscle Contractility
A previous study reported that localized heat stress increased mammalian target rapamycin (mTOR) signaling molecule proliferation after a single bout of resistance training, suggesting that heat stress might enhance protein synthesis in skeletal muscle (18) . Ten weeks of localized heat stress for 8 h/day has also been reported to increase muscle cross-sectional area and MVC force production (14) . The present study adds to these reports in humans, demonstrating that 1 h/day of passive heat acclimation for 11-days increases muscle torque through an improvement in muscle contractile function. The molecular pathways associated with the increases in muscle contractility noted in the current study remain to be elucidated. However, in vitro studies have suggested that stress proteins such as heat shock protein 72 (HSP72) may facilitate hypertrophy in cultured cells (15, 50) . In vivo animal studies have shown that a single session of passive heat stress increases muscle HSP72 expression and increases cell proliferation, protein content, and muscle mass (19, 30, 49) . The pathways for this muscle hypertrophy may include a calcineurin-dependent signaling pathway (19) , activation of the Akt/mTOR signaling pathway (51) , and a decrease in nuclear factor-B signaling (30) . Interestingly, it appears that these pathways are related to HSP upregulation, as a deficiency in heat shock transcription factor 1 (HSF1, a protein playing a crucial role in inducing HSP) suppresses the heat stress-associated increase in muscle mass in mice (29) . However, because of the multitude of potential pathways involved, the increase in muscle protein content after a single heat exposure (in rats) does not appear directly related to HSP72 expression (21) . Future studies should therefore investigate the effect of heat acclimation on muscle crosssectional area and its relationship with changes in muscle contractile function, as well as intramuscular HSPs in humans.
Perspectives and Significance
It was recently debated whether heat acclimation does (25) or does not (28) improve endurance exercise performance in temperate conditions. The present study adds to the debate extending beyond the typical hematological and cardiovascular adaptations, with passive heat acclimation improving muscle contractile properties during both hyperthermic and normother-R105 HEAT ACCLIMATION IMPROVES MUSCLE CONTRACTILITY mic states. Importantly, this benefit was obtained via passive rather active heat acclimation, which is clinically relevant for populations unable to exercise. Passive heat therapy has recently been suggested to improve vascular function (4) . At the muscle level, repeated passive heating can promote mitochondrial adaptations in mice skeletal muscle (47) and capillary growth in human skeletal muscle (22) . Such adaptations have been suggested as potential treatments for populations with a limited capacity to exercise such as the elderly, injured athletes, or patients (4, 47) . Our data add to this range of adaptations in that repeated passive heat exposure could also improve skeletal muscle contractile function. In the animal model (i.e., rats), it has been reported that heat stress increases protein content and facilitates the recovery of atrophied muscle after an immobilization period (13), or following a chemically induced muscle injury (21) . Moreover, heat acclimation together with exercise training has also been shown to increase muscle strength more than exercise training alone in rat soleus muscles (20) . Thus, based on the same model recently suggesting that repeated passive heat exposure could improve cardiovascular health in patients with limited exercise capabilities (4), repeated passive heat exposure may represent a novel rehabilitative method to increase or maintain human muscle function.
However, it has to be acknowledged that these adaptations were obtained with a relatively large external heat load in the current study. The minimum stimulus required to trigger muscle adaptations remains to be determined along with the relative contribution of the repeated increase in core and muscle temperatures. The current results should also be confirmed with different populations and protocols before being considered for use in clinical settings. Finally, although each of the parameters measured in the current study showed only limited statistical or clinical significance, all parameters showed concordant changes allowing for a 17% increase in MVC.
In conclusion, passive heat acclimation improved skeletal muscle function in humans during both normothermia and hyperthermia. This improvement was manifested as an increase in peak twitch amplitude, an increase in MVC torque production, as well as an improvement in the relative torque/ EMG linear relationship. These improvements were consistent across measures obtained at rest and at different contraction intensities (10, 25, 50, 75% and MVC). The present study highlights a novel passive method to improve muscle function via heat acclimation that may be used with athletes and patients during a period of musculoskeletal unloading, such as postsurgical immobilization.
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